Strains of Neisseria gonorrhoeae were tested for the presence of methyladenine in the DNA sequence GATC by using the site-specific restriction endonucleases MboI and DpnI. It was found that 43 of 83 strains tested contained methylated DNA. When methylation was compared with the auxotype of the organism, 35 of 35 strains with the AHU (arginine-, hypoxanthine-, and uracil-requiring) auxotype and 8 of 48 strains with other auxotypes contained methyladenine. When the incidence of methylation in strains isolated from patients suffering from disseminated gonococcal infection was compared with that in strains isolated from patients suffering from uncomplicated gonococcal infection, no correlation with methylation and disseminated gonococcal infection was observed.
Strains of Neisseria gonorrhoeae were tested for the presence of methyladenine in the DNA sequence GATC by using the site-specific restriction endonucleases MboI and DpnI. It was found that 43 of 83 strains tested contained methylated DNA. When methylation was compared with the auxotype of the organism, 35 of 35 strains with the AHU (arginine-, hypoxanthine-, and uracil-requiring) auxotype and 8 of 48 strains with other auxotypes contained methyladenine. When the incidence of methylation in strains isolated from patients suffering from disseminated gonococcal infection was compared with that in strains isolated from patients suffering from uncomplicated gonococcal infection, no correlation with methylation and disseminated gonococcal infection was observed.
The existence of methylated DNA in both procaryotic and eucaryotic systems has been well documented. In some procaryotes, methylated DNA serves in the recognition of foreign DNA which may enter the cell during bacteriophage infection (7) . It is thought that another possible function for the presence of modified DNA might be in the regulation of protein-DNA interactions (9) . It has been observed in Escherichia coli that mutants which lack the ability to methylate the adenine residue of the GATC sequence (dam mutants) display an increased rate of mutation, probably due to a defective mismatch-repair system (8) .
In preliminary experiments performed in our laboratory by Tenover et al. (11) , a possible correlation was noted between the appearance of methyladenine in the DNA of N. gonorrhoeae strains and a requirement for arginine, hypoxanthine, and uracil (AHU) for growth. The AHU auxotype is of particular interest in this regard because of the association of strains of this auxotype with disseminated gonococcal infection (3). We report here an expanded study that supports our earlier observations that there is an association between strains of N. gonorrhoeae displaying the AHU auxotype and the appearance of methyladenine in the DNA. However, this correlation is not absolute; although all AHU strains methylate, some non-AHU strains also methylate adenine residues in the DNA.
MATERIALS AND METHODS
Bacterial strains. Strains of N. gonorrhoeae used in this study are given in (4) . The study presented here contains strains from all nine cities. DNA extraction. Chromosomal DNA was extracted either by the method of Marmur (5) or by a rapid isolation method previously described (1) . Briefly, with the latter technique, colonies were picked and bacteria were suspended in 0.5 ml of a solution containing 50 mM Tris-hydrochloride (pH 8.5), 50 mM Na2EDTA, 15% sucrose, and 1 mg of lysozyme per ml. After a 10-min incubation at room temperature, 20 ,ul of 10% sodium dodecyl sulfate was added, and the tubes were inverted to mix the contents. The tubes were placed in a 70°C water bath for 5 min to obtain chromosomal DNA, and 100 ,u of 5 M potassium acetate was added. The protein was allowed to precipitate by incubating the tubes on ice for at least 30 min, after which the tubes were centrifuged (Brinkman centrifuge, 3 ,200 x g) for 15 min. At least 2 volumes of ethanol were added to each supernatant, and the tubes were centrifuged in the microfuge for 5 min. The supernatant was decanted, the tube was inverted and drained, and the dried precipitate was dissolved in 10 mM Tris-hydrochloride buffer (pH 7.5) containing 1 mM Na3EDTA and 10 ,ug of RNase per ml. DNA concentrations were approximated from the ratio of absorbance at 260 and 280 nm, assuming that an absorbance of 1.0 is equivalent to 50 ,ug of DNA per ml (1) . 
RESULTS
In this study, three different site-specific restriction endonucleases were used to determine the presence or absence of methyladenine in the DNA of various N. gonorrhoeae strains. In most cases, both MboI, which only recognizes and cleaves the DNA sequence GATC if the adenine residue is not methylated, and DpnI, which only recognizes and cleaves the sequence GATC if the adenine residue is methylated, were used. In a few instances, Sau3AI, which cleaves the GATC sequence regardless of methylation, was used in place ofDpnI. Figure 1 shows the results of a representative experiment in which the MboI and DpnI digests were separated by agarose gel electrophoresis as described above. In the experiments utilizing the enzymes MboI and DpnI, digestion with MboI indicated the presence of unmethylated DNA, whereas digestion with DpnI indicated the presence of methyladenine in the DNA sequence GATC. Digestion of DNA from a single gonococcal strain with both endonucleases was not seen. In the few cases in which Sau3AI was substituted for DpnI, the DNA was considered unmethylated if it was digested with MboI, and methylated if it was not. As a control in this case, all samples were digested with Sau3AI.
All of the strains used in this study, except strains FA534 and KH45, contained the 2.6-Mdal gonococcal cryptic plasmid (2), as is apparent in Fig. 1 . This plasmid contains a single GATC sequence, and cleavage of the plasmid therefore converts it from the closed or open circular form to the linear form (see Fig. 1 ). This serves as an internal control to detect the presence of exonucleases in the digestion, as under this condition the linear plasmid band would not be present. (In Fig. 1 
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In our preliminary study (11) , which considered only 16 strains of N. gonorrhoeae, we found that all of the strains that required AHU methylated the adenine residue of the GATC sequence, whereas none of the non-AHU strains contained methyladenine. We therefore expanded our survey of gonococcal strains (Table 1) to determine if there was an absolute correlation between the AHU auxotype and the presence of methyladenine. In Table 2 , the auxotypes of the various strains tested are given along with the methylation results. We found that 35 of 35 AHU strains and 8 of 48 non-AHU strains were digested with DpnI, indicating the presence of methyladenine. Although the correlation between the AHU auxotype and methylation is not absolute, it is very high (P < p.001).
The question of a correlation between the AHU auxotype and methyladenine is of particular interest because of the association of this auxotype with disseminated gonococcal infection (DGI). The strains obtained from A. R. Ronald were isolated from patients with DGI (W numbers 100 or above) and from patients with uncomplicated gonococcal infection (W numbers less than 100). Of the DGI strains, 5 of 12 contained methyladenine (3 were AHU strains), whereas 5 of 12 of the non-DGI strains contained methylated DNA (3 were AHU strains). Thus, of these 10 methylating strains, 6 were of the AHU auxotype. Therefore, in this group of strains it does not appear that there is a correlation between methylation of the GATC sequence and incidence of DGI.
DISCUSSION
The purpose of this study was to expand the earlier observation made by Tenover et al. (11) that the presence of methyladenine in the DNA of some strains of N. gonorrhoeae appears to correlate with the AHU auxotype. Although we were able to show a high degree of statistical significance, the correlation was not absolute: whereas all strains with the AHU auxotype were methylated, not all non-AHU strains were nonmethylated. In addition, because of the more frequent appearance of the AHU auxotype among strains causing disseminated gonococcal infection, our studies also included a preliminary attempt to correlate the appearance of methyladenine with strains isolated from patients with disseminated gonococcal infection. No such correlation was found with the data available.
Since partial hydrolysis by both MboI and DpnI was never seen, we assume that methylation at the GATC sequence is an all or none phenomenon. The lack of methylation in many strains could be due to the absence of a methylase or to lack of expression of a methylase gene. Since our studies utilized only restriction endonucleases which cleave specifically at the DNA sequence GATC, it must be recognized that some or all of the "nonmethylated" strains may actually be methylated at other sites.
Since all of the strains with the AHU auxotype were found to methylate the adenine of the GATC sequence, an interesting possibility is that methylation actually contributes to the sta- (6) demonstrated that, using DNA isolated from strains within this group, neither the Arg nor the Ura requirements can be transformed to prototrophy. The correlation of the AHU auxotype and the dam function would be another parameter that could derive from a single clone. It must be noted, however, that whereas the high correlation with modified DNA revealed by our experiments was generally supportive of the single-cloae hypothesis, the presence of methylation in non-AHU strains remains to be explained.
It has become clear that there is a subpopulation of N. gonorrhoeae, having the AHU phenotype, that has several other distinguishing characteristics. These include increased serum resistance (10) , increased sensitivity to penicillin (12), correlation with disseminated infection (3), and now, methylation of the adenine residue of the GATC sequence. Thus, these strains may actually represent a subspecies of N. gonorrhoeae.
